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The invention described herein may be manufactured
and used by or for the Government for governmental
purposes without the payment of any royalty thereon.

This invention relates to methods of making ferromag-
netic barium ferrites of extremely high structural and
compositional purity.

The usefulness of barium ferrites in electronic devices
depends on its structural and compositional purity which
in turn depends on the chemical purity of the starting
materials and the exact controllability of the manufactur-
ing process. The control of the manufacturing process is
particularly important for the reproducibility of the prop-
erties of the finished material. Both the structural and
compositional properties must be controllable to permit
the recreation of properties within the narrow limits neces-
sary for application of the barium ferrites in electronic
devices and more particularly in microwave devices.

Heretofore barium ferrite has been made commercially
by conventional ceramic processing methods for oxide

materials. The barium oxide or barium carbonate and
the ferric oxide are mixed in finely ground form with
water in a steel ball mill for a considerable length of
time up to about twenty hours to obtain thorough mixing
of the oxides. To minimize the introduction of im-
purities, a rubber lined mill with stainless steel balls is
often employed which, however, only minimizes but does
not exclude all impurities. After milling, the homogene-
ous oxide mixtures are dried usually after pressure-filter-
ing and the dried material is then presintered and finally
fired at an appropriate firing temperature.

It is extremely difficult to obtain by the ball milling
process a particle size below 0.1 micron and it is also
difficult to obtain by this method a completely homogene-
ous particle size. These two factors in- addition to the
impurities which are necessarily introduced into the mate-
rial by ball milling greatly decrease the effectiveness of
ferromagnetic barium ferrite in microwave devices.

I now have found that ferromagnetic barium ferrites
of extremely high structural and compositional purity can
be obtained by dissolving iron chloride (FeCly) in an
organic solvent solution of an alcohol at room tempera-
tures under anhydrous conditions, treating this solution
with anbydrous ammonia gas to precipitate all of the
chlorides as ammonium chloride, separating the iron alco-
holate solution from the precipitate and reacting it in
stoichiometric proportions with barium alcoholate. Since
barium ferrite has the formula BaFe;3049 or BaO.6Fe,0,
the barium alcoholate should be reacted with the ferric
alcoholate in such amounts that 1 mol of barium is
present for 12 mols of iron according to the reaction

BaO+6FezO3=BaF612019 (OI' BaO.GFe20‘3)

By controlling the temperature of the reaction it is pos-
sible to control the particle size of the crystals. After
evaporating the solution to dryness by distillation the
remaining mixture of barium oxide and ferric oxide is
thoroughly dried and fired at temperatures between about
960° C. and 1260° C. to obtain an extremely homogene-
ous barium ferrite having a particle size considerably be-
low 0.1 micron.
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The invention will become more apparent from the fol-
lowing description of specific embodiments.

Example 1

Ferric ethylate is first made by dissolving 30 gms. of
anhydrous ferric chloride (FeCl) in a mixture of 250
cc. of ethyl alcohol and 250 cc. of benzene (CgHg) at
room temperature under anhydrous conditions. The mix-
ture is stirred under anhydrous conditions for about 1
to 4 hours until most of the ferric chloride is in solution.
This solution which now contains about 0.01 to 0.02 gm.
of iron in 1 cc. is now treated with anhydrous ammonia
gas which is bubbled thru the solution at room tempera-
ture for about 4 to 6 hours to precipitate all the chlorides
as ammonium chloride alonig with some of the iron in the
form of some probably organic compounds. The solu-
tion is allowed to stand for about twelve hours unti} the
precipitate is settled down and tests of the clear super-
natant liquid show the absence of chlorides. If chlorides
should still be present the treatment with ammonia gas is
continued. After the precipitate has seftled and after
tests have shown the absence of chlorides in the super-
natant liquid, it is drawn off and filtered in vacuum
under anhydrous conditions. After filtration the solution
is concentrated, for instance, by heating under atmospheric
pressure to about the boiling point of benzene (between
80 to 86° C.) whereby excess of ammonia, benzene and
ethyl alcohol is driven off. The remaining solution of
ferric ethylate in ethyl alcohol and benzene was analyzed
for iron content which in this example was found to be
0.0083 gm. of iron per cc. of liquid and this solution
was used in the following way:

500 cc. of the above-mentioned ferric ethylate solu-
tion containing 0.0083 gm. of iron per cc. is reacted with
10.2 cc. of barium methylate containing 0.0838 gm. of
barium per cc. This ratio corresponds to 12 mol of
iron to 1 mol of barium since the above-mentioned amount
of 500 cc. of ferric ethylate contains 4.15 gms. of iron
and the above-mentioned 10.2 cc. of barium methylate
contains 0.8521 gm. of barium. The mixture is then
evaporated to dryness by distillation at temperatures be-
tween 80 to 86° C. and the resulting very fine powder is
thoroughly dried, preferably at about 100° C., for ex-
ample, on a steam bath resulting in a stoichiometric, ex-
tremely pure and homogeneous mixture of barium oxide
and ferric oxide in the mol ratio of 1 mol of barium to
12 mol. of iron. On firing this mixture at temperatures
between 960° C. and 1260° C. a ferro magnetic barium
ferrite of extremely high structural and compositional
purity is attained showing a very homogeneous crystal
size of less than 0.1 micron.

The powder may be formed before firing into any de-
sired shape and then fired. For example, the above-de-~
scribed powder after drying on a steam bath at 100° C.-
was pressed in a stainless steel mold at room temperature
under a pressure of about 10,000 p.s.i. into a disc of one-
half inch in diameter and one-quarter inch in thickness.
The pressed disc was then removed from the mold and
fired for 1 hour at about 960° C. The resulting barium
ferrite disc showed excellent ferromagnetic properties.

Example 2

Ferric ethylate was made in the manner described in
Example 1 but using toluene instead of benzene. 600 cc.
of the resulting solution which contained 0.0109 gm. of
iron per cc. was added to 29 cc. of barium methylate
solution containing 0.0611 gm. of barium per cc. This
mixture corresponds to a ratio of 1 mol of barium to 12
mol of iron. The solution was then treated as in Ex-
ample 1. After evaporating to dryness the resulting finely
dispersed material was fired at about 1000° C. to yield
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a very homogeneous, finely powdered barium ferrite of
great structural and compositional purity having a particle
size of less than 0.1 micron. X-ray diffraction studies
and magnetization saturation tests confirmed the presence
of inherently special properties of this material for use
as a permanent magnet material.
Similar examples may be carried out using instead of
iron ethylate, other ferric alcoholates such as the methyl-
ate, by reacting the ferric chloride with methyl alcohol,
either in mixture with benzene or with toluene or with
xylene. Also, instead of barium methylate other barium
alcoholates (such as the ethylate, butylate or isobutylate)
may be used for the reaction with ferric alcoholates.
It will be evident to those skilled in the art that many
modifications and variations of this process may be carried
out without departing from the spirit of the invention as
defined in the following claims.
What is claimed is:
1. The method of making ferromagnetic barium ferrite
of high structural and compositional purity and having a
particle size below 0.1 micron comprising;
dissolving anhydrous ferric chloride in an organic sol-
vent solution of an alcohol the alcohol radical
of which contains not over 5 carbon atoms and a
cyclic hydrocarbon at room temperature under an-
hydrous conditions,
stirring the mixture under anhydrous conditions for
several hours to dissolve most of the ferric chloride,

treating the solution with anhydrous ammonia gas at
room temperature for several hours to precipitate
all the chlorides as ammonium chloride,

allowing the treated solution to stand for several hours

until the precipitate is settled, drawing off the super-
natant liquid and filtering it in vacuum under an-
hydrous conditions,

concentrating the filtered solution by heating under at-

mospheric pressure to about the boiling point of the
cyclic hydrocarbon to remove excess amounts of
the solvents,

mixing the ferric alcoholate thus obtained in stoichio-

metric proportions and in an organic solvent with
barium alcoholate the alcohol radical of which con-
tains not over 5 carbon atoms,

heating the solution to dryness to obtain a mixture of

barium oxide and ferric oxide in the ratio of 1 mol
of barium to 12 mol of iron and firing this mix-
ture at temperatures of between 960 and 1260° C. to
obtain ferromagnetic barium ferrite.

2. The method of making ferromagnetic barium ferrite
according to claim 1 wherein the alcohol of the organic
solvent solution in which the ferric chloride is dissolved
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is an alcohol selected from the group consisting of methyl
alcohol and ethyl alcohol.

3. The method of making ferromagnetic barium ferrite
according to claim 1 in which the organic solvent for the
ferric chloride is a mixture of an aliphatic alcohol with
a cyclic hydrocarbon selected from the group consisting
of benzene, toluene, and xylene.

4. The method of making ferromagnetic barium ferrites
according to claim 1 in which the mixture of ferric alco-
holate and barinm alcoholate is evaporated to dryness by
distillation at temperatures between 80 to 86° C.

5. The method of making ferromagnetic barium ferrites
according to claim 1 in which a solution of ferric chlo-
ride in ethyl alcohol and benzene from which chloride
has been removed by precipitation with anhydrous am-
monia gas is mixed with stoichiometric proportions of
barium methylate whereupon the mixture is evaporated
to dryness by distillation at temperatures between 80 to
86° C. and the resulting powder is thoroughly dried at
about 100° C. whereupon the resulting solid mixture of
barium oxide and ferric oxide is fired at about 960° C.

6. The method of making ferromagnetic barium fer-
rites according to claim 5 in which the dried solid mix-
ture of barium oxide and ferric oxide powder is pressed
at room temperature in a stainless steel mold to the
desired shape whereupon the formed piece is removed
from the mold and fired for one hour at 960° C.

7. The method of making ferromagnetic barium fer-
rites according to claim 1 in which ferric ethylate is made
by dissolving ferric chloride in a mixture of ethyl alcohol
and benzene and the chloride removed by precipitation
with anhydrous ammonia gas.
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